Introduction
Small-scaled scorpionfi sh, Scorpaena porcus (Linnaeus, 1758) belongs to the family Scorpaenidae, which is represented in the world fauna by 26 genera and 216 species. Issues on taxonomy, biology and ecology of these fi shes are studied with varying degrees of completeness (Froese, Pauly, 2012) . Biology of the small-scaled scorpionfi sh in some areas of the Mediterranean and the Black Sea have been studied relatively well (Pashkov et al., 1999; Bilgin, Çelik, 2009; Turan et al., 2009; La Mesa et al., 2010; Scarcella et al., 2011, etc.) . However, despite the oft en quoted description of the morphology and information on some issues of morphological variability of the small-scaled scorpionfi sh (Svetovidov, 1964; Smirnov, 1986; Vasil'eva, 2007; Ferry et al., 2010, etc.) , the relevance of the study of its intraspecifi c variability, including the sex diff erence, is obvious.
According to the literature data, males and females of S. porcus diff er in the rate of growth, sexual maturation, life span, linear dimensions and proportions of the body. Sex diff erences in body size and proportions in the scorpionfi sh appear from the age of three (Smirnov, 1986) . According to this author, at almost the same standard body length of sexually mature individuals of both sexes (SL M = 12.27 cm and SL F = 12.94 cm; t = 1.63 if P > 0.05), females in average have bigger relative size of the maximum body height (H/SL), preanal (PA/SL) and preventral (PV/SL) distances, height of spiny part of the dorsal fi n (hD 1 /SL), the height of head (hc/c), the largest head width (ic/c) and the height of the skin outgrowth above the eye (hs/c). Th e males in average have relatively bigger length of the head (c/SL) and the soft part of the dorsal fi n (lD 2 ). All these diff erences are statistically highly signifi cant (0.01 < P <0.001).
Sex diff erences on plastic and meristic characters in S. porcus were studied in more detail by Ferry et al. (2010) in the population of the Adriatic Sea. According to these authors, the average values of the relative sizes of the fi ns (LA/SL, LP/SL, LV/SL, and LC/SL) were signifi cantly greater in males compared with females, which may indicate their higher motor activity. In females, on average, relative values of the standard body length (SL/ TL), preventral (PV/SL) and postorbital (OLO/CL) lengths are signifi cantly higher.
Considering all the above, we can conclude that the study of sex diff erences and the possibility of sex identifi cation in scorpionfi sh on morphological characters seem very relevant, especially given the large amount of scientifi c material in museum collections. To date, the sex of S. porcus can only be determined by the gonads at the autopsy, which is prohibited by the rules of storage of museum collections. Th e aim of this paper is to study sex diff erences and the possibility of sex identifi cation of S. porcus on plastic and meristic characters in the population inhabiting the coastal waters of the Black Sea near the southern coast of Crimea.
Material and methods
Th e basis of our work is the data on morphology of S. porcus, obtained in the processing of ichthyological collection in the National Museum of Natural History (NMNH) NAS of Ukraine. Th e material is represented by samples from the coastal waters of the Crimea. Eighty seven specimens of the scorpionfi sh were processed, including 14 males and 17 females, the sex of which is determined under the study of gonads, and 56 specimens without sex identifi cation.
Morphological analysis was performed according to the methodic adopted for members of the family Scorpaenidae (Pravdin, 1966) under the scheme with minor changes: 1) TL -the total length of the body; 2) SL -standard body length; 3) LD -the length of the dorsal fi n base; 4) LA -the length of the anal fi n base; 5) LP -the length of the pectoral fi n; 6) LV -the length of the pelvic fi n; 7) LC -the length of the caudal fi n; 8) pD -predorsal (antedorsal) length; 9) pD -postdorsal length (from the end of dorsal fi n base to the beginning of the base of caudal fi n rays); 10) l caud -the length of caudal peduncle (from the end of the anal fi n base before the base of caudal fi n rays); 11) PA -preanal (anteanal) length; 12) PV -preventral (anteventral) length; 13) PP -prepectoral (antepectoral) length; 14) H -the maximum height of the body (on vertical of the third spiny dorsal fi n); 15) h -height of the caudal peduncle; 16) CL -the length of the head from the start of the upper lip to the top edge of the gill cover; 17) O -the diameter of the eye; 18) PO -preorbital length; 19) IO -interorbital length; 20) OLO -postorbital length (from the posterior edge of the eye to the end of the horizontal spine on the gill cover); 21) mx -the length of the upper lip. Th e following meristic characters were also counted: D -the number of spiny rays in dorsal fi n; d -the number of soft rays in dorsal fi n; A -the number of spiny rays in anal fi n; a -the number of soft rays in anal fi n; P -the number of rays in pectoral fi n; V -the number of spiny rays in ventral fi n; v -the number of soft rays in ventral fi n; sp. br. -the number of gill rakers on the fi rst gill arch; squ -the number of bored scales in the lateral line; l.l. -the number of scales along the lateral side of the body.
In the study of body proportions were calculated relative values for 20 plastic characters in % of the standard body length -15 (for all measurements except those for the head), in % of the head length -5 (for the measurements of the head) and 1 -the ratio of the caudal peduncle height to the maximum height of the body.
Th e sex in scorpionfi sh was determined by the aggregate absolute values of plastic characters using a linear discriminant analysis, which is oft en used in the study of sex diff erences in vertebrates (Dzeverin, Lashkova, 2006) . Th e Wilks' Lambda criterion was used for the statistical evaluation of the quality of models. A brief description of the algorithm and discriminant analysis of obtained results is shown below in the Results and discussion. Biological age of males was determined on the basis of study of their diff erentiation in terms of absolute values of 21 plastic characters (Peskov et al., 2013) using the hierarchical cluster analysis; Euclidean distance (DE) is calculated as the diff erence metric.
For each sample, standard statistical parameters in a number of variations are calculated: minimum (min), maximum (max) and the arithmetic mean (M) of character value, the error of the arithmetic mean (m), standard deviation (Sx) and the coeffi cient of variation (CV, %). Males and females were compared on an average amount of plastic and meristic characters using the Student's t-test. Trends of variability (CV series) in males and females were compared using the rank correlation coeffi cient for Kendal (τ). Student's t-test (Lakin, 1990 ) was used to compare the variability of characters (CV). Diff erences at the 5 % signifi cance level were considered as statistically signifi cant. All calculations were performed using the STATISTICA, v. 6.
Results and discussion
S e x i d e n t i f i c a t i o n i n S . p o r c u s on absolute values of plastic characters was performed using the linear discriminant analysis, which is oft en used in the delineation of morphologically similar fi sh taxa (see, e. g., Manilo, Peskov, 2012 а, b) .
On the fi rst stage discriminant analysis was performed on absolute values of 21 plastic characters. Th us the whole sample (n = 87) was divided into three groups: 14 males, 17 females and 56 individuals whose sex was not determined. According to results of the fi rst stage (Wilks' Lambda: 0.349; F = 4.35; p < 0.0026), all fourteen males (100 %) with known sex were defi ned as males with a probability of 55.4-99.8 %. Within the 17 females, 15 (88.2 %) of individuals were identifi ed as female with a probability of 66.6-100 %, and 2 females (with a probability of 92.3 and 93.8 %) -as males. Th e probability of classifying 56 specimens whose sex has not been known to the male/female sample is ranged from 51.8 % to 100 %. Of the total sample (n = 87), only 14 specimens were identifi ed as females, and 31 -almost uniquely the males (with a probability of 99.9-100 %).
On the second stage of the discriminant analysis, "training" samples of females (n = 14) and males (n = 31) have been formed from these specimens, the remaining 42 individuals were included in the analysis without the sex identifi cation. Th e discriminant analysis was performed on the absolute values of 9 characters (LD, LA, LP, LC, PD, PA, PV, O and mx), selected in the fi rst phase as a result of stepwise discriminant analysis procedure (inclusion method).
According to the results of the second phase (Wilks' Lambda: 0.3054; F = 9.35; p < 0.0000), 21 specimen was classifi ed as female, 59 -as male with a probability of 99.9-100 %. Th ese data allow us to say that in 80 (92.0 %) specimens of S. porcus sex was determined with almost 100 % probability. Probability of classifying 7 specimens (8 %) in the sample of males and females varies from 67 to 97 %, so we did not use them for further analysis.
S i z e a n d a g e c o m p o s i t i o n o f t h e s a m p l e s. In a sample of females (n = 21) the total body length (TL) is ranged from 131.0 to 261.0 mm, in males (n = 58) -from 86.0 to 205.0 mm. According to the literature (Smirnov, 1986; Bilgin, Çelik, 2009; Ferry et al., 2010) , all females may be considered as mature, whereas males, presented in the sample, are clearly immature. On this basis, it was decided to use the hierarchical cluster analysis, comparing the 58 individuals to each other by the absolute values of 21 plastic characters using the Euclidean metric (DE).
As seen in fi g. 1, the sample of males is quite clearly divided into several subsamples. As a part of the fi rst of them (subsample A) 18 individuals with a body length of 86 to 126 mm were diff erentiated from others; specimens with such sizes, according to the literature (Smirnov, 1986) , can be seen as young (1-2 years) immature males. Th e second subsample (B, n = 40), appear to be composed of adult (3 years or older) adult males, body length of which varies from 131 to 205 mm. Adult males of this sample were used in comparison with adult females.
S e x d i f f e r e n c e s i n S . p o r c u s were based on the average absolute ( for 20 characters (fi g. 2), and only diameter of eyes varies almost identical (CV M = 13.35 % and CV F = 13.76 %).
Trends of variability for 21 plastic characters on the coeffi cient of variation (CV) in males and females are insignifi cantly similar (τ = 0.37; P < 0.05). Th e head length varies stronger (CV = 20.54 %) as compared to the eye diameter (CV = 13.76 %), while the diff erences in males in the variation of these characters (12.32 and 13.35 %, respectively) are absent. marked with an asterisk (*P < 0.05; **P < 0.01; ***P < 0.001). Sex diff erences in body proportions are shown in table 2. Th e relative value of the standard body length (SL/TL) in average is signifi cantly higher in females. Males have significantly greater relative length of the pectoral (LP/SL), abdominal (LV/SL) and caudal (LC/ SL) fi ns, as well as anal fi n base (LA/SL). In addition, they have in average greater relative diameter of the eye (O/CL) and the length of the upper jaw (mx/CL).
Th e proportions of the body are also more variable in females compared to males (fi g. 3), although the sex diff erence in this case is much less than on linear dimensions. It is important to emphasize that in adult males and females of S. porcus body proportions are less variable in comparison with its linear dimensions (see fi gs 2 and 3). Th ese data confi rm the well-known fact that in the late ontogenesis in most of fi shes body proportions are less variable than its linear dimensions. Th erefore, in the comparative morphological studies of fi sh preference is usually given to the relative sizes of plastic characters compared with the absolute ones (Pravdin, 1966) .
It is important to note that by comparing the males and females of the Black Sea small-scaled scorpionfi sh using the discriminant analysis and Student's t-test statistically signifi cant sex diff erences were established both on individual characters and in their entirety. Th e data we obtained are in good agreement with the results of comparison of male and female of S. porcus in population of the Adriatic Sea (Ferry et al., 2010) . It is shown, fi rst of all, the success of the use of linear discriminant analysis in determining the sex of S. porcus on plastic characters, and secondly, the high level of similarity in the manifestation of sex diff erences in two geographically isolated populations of this species. Trends of variability for relative values of 21 plastic characters (series of coeffi cients of variation) in males and females are similar enough (τ = 0.64; P < 0.001). Th e main diff erences boil down to the fact that LA/SL in females varies signifi cantly stronger than LP/ SL, while the both these characters in males can vary almost the same. Th e relative length of the caudal fi n (LC/SL) in females is more variable compared to the pelvic fi ns (LV/SL). In males, we can see a completely opposite situation (fi g. 3).
Sex diff erences of eight meristic characters in the sample we studied were not statistically signifi cant (table 3) . At the same time, the number of spiny rays in the anal (A = 3) and ventral (the V = 1) fi ns, as well as soft rays (v = 5) in the ventral fi n is identical in all studied specimens (n = 87). Th ese data are in good agreement with the data of other authors (Smirnov, 1986; Bilgin, Çelik, 2009; Ferry et al., 2010) .
Sex diff erences were found on 2 meristic characters in the studied sample. Males have signifi cantly larger number of gill rakers on the fi rst gill arch, the females -the number of scales in the lateral line (see table 3 ). In the fi rst case, the sex diff erences are determined by the fact that the maximum number of gill rakers (14) on the fi rst gill arch was observed in 45 % of males and only 24 % of females. Th e maximum number of scales in the lateral line (64 and 65) was observed in 48 % of females and only 15 % of males. However, given the relatively small amount of studied samples, marked diff erences must be considered as a preliminary result. Information about the existence of sex diff erences in meristic characters are absent in the available literature.
Conclusion
It is found in our study that in a population of S. porcus, inhabiting the coastal waters of the Black Sea near the Crimea, the absolute values of 21 plastic characters are in average higher in adults mature females compared with males of the same age. Sex diff erences were statistically signifi cant for the average values of eleven plastic characters (TL, SL, LD, PD, pD, PA, PP, H, h, CL and OLO) . Th e relative value of the standard body length (SL/TL) in average is signifi cantly higher in females. Males have signifi cantly greater relative length of the pectoral (LР/SL), ventral (LV/SL) and caudal (LC/SL) fi ns and anal fi n base (LA/SL). In addition, they have an average greater relative eye diameter (O/CL) and the length of the upper jaw (mx/CL). Linear dimensions of the body in both males and females are more variable than its proportions. At the same time, the variability of absolute and relative char- acters of females is signifi cantly larger than those in males. Using the linear discriminant analysis, it is possible to determine the sex in 92 % of specimens belonging to S. porcus on morphological characters with a probability of 99.9-100 %. Using the hierarchical cluster analysis, immature (TL = 86-126 mm) and mature (TL = 131-205 mm) males were defi ned in the sample on absolute values of 21 plastic characters. S e x i d e n t i f i c a t i o n i n t h e s c o r p i o n f i s h. As a result of incremental discriminant analysis, 4 morphometric characters (TL, LC, LA and LP) were selected, and the reliability of sex determination for the small-scaled scorpionfi sh reaches 91.2 % (taking into account all above-mentioned characters).
To determine the sex of each specimen according to the values of morphometric characters we have developed two classifi cation functions, which in general terms can be expressed in a linear regression equation: Th e values of constants and coeffi cients for each function are shown in the table 4. Substituting these values and the values of characters for the specifi c individual to the appropriate classifi cation functions, it is necessary to calculate the value of the two functions for the sex identifi cation in this individual. At the same time, this specimen should be determined hereto sex, value of the classifi cation function for which was higher.
Using the developed classifi cation functions, seven individuals of the scorpionfi sh were diagnosed as males (sex of these specimens was not determined by the results of the second half stage of the discriminant analysis). Values of classifi cation functions in seven other specimens (6 females and 1 male) were very close, so it is necessary to do an autopsy in 8.8 % of the individuals and study their gonads for the fi nal sex determination.
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